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COMPLETE SPECIFICATION 

Process for preparing Polyolefins 
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polymerization in several zones are distinguish- 
ed D y an improved procsssability. The same 
ettect cannot De produced by subsequecuy mix- 
ing polymers having widely ditfering viscosities. 
'1 ne process, nowever, has the great drawback 
that several reaction conditions have to be 
changed during the polymerization. 

The present invention provides a pro- 
cess for the preparation of a homo- 
or co-polymer of ethylene by a gaseous phase 
polymerization, or by a suspension polymeriza- 
tion in which the dispersion medium is in 
contact with a gaseous phase, of ethylene or a 
mixture comprising ethylene and up to 10/ o 
by weight of an n-olehn that contains from 
3 to 15 carbon atoms, which process comprises 
preparing from 5% to 30% by weight of 
the total polymer in the presence of from 0/ o 
to 10% of hydrogen, calculated on the total 
volume of the gaseous phase, and preparing 
from 70% to 95% by weight of the rocal 
polymer in the presence of from 20% to 80 % 
of hydrogen, calculated on the total volume of 
the gaseous phase, both stages of the poly- 
merization being carried out at a temperature 
within the range of 50 C C to 120°C, prefer- 
ably from 70°C to 90°C, and a pressure of up 
to 10 atmospheres gauge, preferably within the 
range of from 2 to 6 atmospheres gauge, and 
in the presence of a catalyst which is present 
in the first stage in an amount sufficient for 
both stages, said catalyst comprising 

a) in the case of a suspension polymerization, 
from 0.05 to 03 millimol per litre of dis- 
persion medium, or in the case of a poly- 
merization in the gaseous phase, from 
0.05 to 03 millimol per 0.5 litre of re- 
actor volume, of a trivalent titanium com- 
pound that contains chlorine, and 

b) from 0.1 to 3.0 millimols of aluminium 
per litre of dispersion medium or reactor 
volume, in the form of an aluminium tri- 
aikyl having the general formula AIR, in 
which each R represents a hydrocarbon 
radical that contains from 4 to 40 carbon 
atoms, or in the form of the reaction 
product of an aluminium triaifcyl or an 
aluminium aflcyi hydride with a diclefin 
that contains from 4 to 20 carbon atoms. 

In the process of the present invention, the 
following embodiments are preferred : 

(a) from 5% to 30% by weight of the total 
polymer is prepared by copolymerizing 
a mixture of ethylene and up to 10 VI by 
weight of the higher -it-olefin at a hydro- 
gen content on the gaseous phase with- 
in the range of from 0% to 10;.' : by 
volume, and from 70y : to 95'' by 
weight of the total polymer is prepared 
by polymerizing ethylene alone at a 
hydrogen content in the gaseous phase 
within the range of from 20% co SOf/. 
by volume. 
(h) From 5% to 30% by weight of the total 
polymer is prepared by copolymcrizing 



a mixture of ethylene and up to 10% by 
weight of the higher <r-olefin at a hydro- 
gen content on the gaseous phase with- 
in the range of from 0% to 10"/- by 
volume, and from 70% to 95% by 70 
weight of the total polymer is prepared 
by copolymerizing a mixture of ethylene 
and less than 10% by weight of the 
higher tv-olefin at a hydrogen content in 
the gaseous phase within the range of 73 
from 20% to SO;' by volume, in which 
latter mixture the proportion of the 
higher cc-olefin is less than that in the 
first mixture specified above. 
The polymerization may be carried out as a 80 
suspension polymerization in an inert disper- 
sion medium, for example, an aliphatic or 
cycloaliphatic hydrocarbon or diesel oil, or may 
be carried out in the gaseous phase. In die 
former case the inert dispersion medium should 85 
not completely fill the reactor. 

The titanium component of the catalyst, for 
example titanium trichloride or titanium 
alkoxy-chloride, is a solid and may be prepared 
by reducing titanium tetrachloride or, prefer- 90 
ably, a cbloro-aikoxy-titanate of the formula 
TiYOR'^-.CU in which n is an integer from 
1 to 4 and R' represents a hydrocarbon radical 
that contains from 2 to S carbon atoms, by 
m ean s of alltyl-aluminium sesquichloride, di- 95 
alkyl-aluminium monochloride, aluminium iso- 
prenyl or a mixture thereof in an inert dis- 
persing agents at a temperature within the 
range of from - 60=C to +70°C, preferably 
from - 30°C to 0°C, and if desired subjecting 100 
the product to a thermal treatment at a tem- 
perature within the ronge of from 60°C to 
150°C and subsequendy washing it with an 
inert dispersing agent. 

When the polymerization is earned out in io5 
the gaseous phase, the volume of the gaseous 
phase is equal to volume of the reactor less 
the combined volume of the titanium com- 
ponent of the catalyst (which is a solid) and 
the polymer. HO 

In the first of the process steps, the poly- 
merisation is effected at a hydrogen content in 
the gaseous phase ranging from 0% to 10'/;. 
by volume, and yields, in general, polymers 
having a reduced viscosity, expressed in dl/gm, 1 15 
within the range of from 30 to 5 (measured in 
a 0.1%-decahydronaphthaiene solution at 
135-°C). The amount of the polymer proportion 
prepared in this step is in the range of from 5 
to 30% by weight, calculated on the final poly- 12O 
mer. In the other step, the polymerization is 
effected at a hydrogen concent in the gaseous 
phase ranging from 20 7, to S0V. by volume. 
It has been established that, under these condi- 
tions, polyethylenes or copolymers of ethylene 125 
and up to 10 '•/. by weight of the higher 
olefins arc obtained that have a reduced vis- 
cosity, expressed in dl/gm and measured as 
above, in the range of from 4.6 to 13. 

Consequently according to the process of 130 



the invention, a polymer having a reduced vis- 
cosity, expressed in dl/gm and measured as 
above, in the range of from 1 j to 4.6, is pre- 
pared in the presence of a polymer having a 

5 reduced viscosity, expressed in dl/gm and 
measured as above, in che range of from 5 to 
30, to yield a homogeneous polymer. The anal 
polymer therefore has an extremely broad 
molecular weight distribution. 

10 Compared with shaped articles made from 
copolymers of ethylene and Weans, in which 
the hydrogen content in the gaseous phase has 
not been changed during the polymerization, 
shaped articles made from polymers of the 

15 invention, having the same density and the 
same reduced viscosity, show improved sur- 
faces even with an increased throughput of the 
extruder. 

The process of the invention, moreover, pro- 
20 vides polymers in which the higher molecular 
weight polymer chains also have a higher 
degree of branching. 

Owing to their special structure (extremely 
broad molecular weight distribution and higher 
25 degree of branching of the 'high molecular 
weight proportion), the polymers of the inven- 
tion are especially suitable for producing 
bottles, pipes, cables and sheets or films having 
a high stress cracking resistance. 
30 The stress cracking resistance or the sus- 
ceptibility to stress cracking may be measured 
according to ASTMD 1693— 59T (Bell-rest). 

Having a density of 0.950 gram-centimetre— 
and a reduced viscosity, measured as above, of 
35 2 7 dl/gm, shaped articles made from copoly- 
mers of ethylene and ^-olefins having a statis- 
tical incorporation of the comonomer (prepared 
by a uniform <t-olefin feed during the whole 
polymerization), show values of 180 hours in 
40 the Bell-test. . 

In contrast thereto, shaped articles made 
from polymers in which the <r-olefin is pre- 
diminantly incorporated into the higher 
molecular weight proportion, show values of 
45 more than 500 hours in the Bell-test, although 
their density and " viscosity are the same as 
those of the above-mentioned products; Bell- 
test values of 180 hours have been achieved by 
shaped articles having a density of 0.956 
50 gram.cennmetre~ . Having the same stress 
cracking resistance as the above-mentioned 
articles, the shaped articles produced according 
to the invention show a higher density. In 
comparison with the copolymers of ethylene 
55 and a-olefins having a statistical incorporation 
of the comonomer, the advantages of the poly- 
mers of the invention are an improved stiffness, 
a higher ultimate tensile strength, a better sur- 
face hardness and a higher softening point. 
60 The advantages of the process of the inven- 
tion compared with those of hitherto proposed 
two-step polymerization processes (cJ. British 
Patent Specifications Nos. 978,893 and 
1,057,728) consist in carrying out the present 
65 process in an especially simple technical 



manner. When alu min iu m rrialkyls of the 
formula AIR, in which R represents a hydro- 
carbon radical containing from 4 to 40 carbon 
atoms, or, preferably reaction products of alu- 
minium rrialkyls or al umin ium allcyl-hydrides < 
with diolefins containing from 4 to 20 carbon 
atoms, such as aluminium isoprenyl, are used, 
high polymer yields exceeding 1 kilogram of 
polymer per 1 millimol of ti tani u m compound 
are obtained with the catalyst concentration 
and under the reaction conditions mentioned 
above. The ash content is so low (0.03% by 
weight) that the polymers can be processed 
without first eliminating the catalyst. 

Therefore, the process of the invention pro- 
vides, in a technically simple manner, poly- 
mers in which four structural parameters 
(molecular weight, molecular weight distribu- 
tion, density and distribution of the comono- 
mer) can be varied as desired so that the pro- 
perties desired for the processing or the appli- 
cation of the products can be conn-oiled. 

A greater control of the molecular weight 
distribution is obtained if the proportion of 
hydrogen in the gaseous phase is maintained 
as constant as possible throughout the course 
of each individual step. 

The process of the invention can be earned 
out continuously or discontinuously. The con- 
tinuous method is carried out in two reactors 
arranged in series, by operating in the various 
polymerization vessels according to the condi- 
tions specified for the two steps. 

The following Examples illustrate the pre- 
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In each Example, when the polymerization 
had ceased, the polymer suspension was fi^^d 
under nitrogen over a pressure filter and the 
polymer was dried by passing over it nitrogen 
heated to 120°C. 105 

Example 1 
(a) Preparation of me titanium catalyst: 

A four-necked flask having a capacity of 
500 milHIitres was filled, under exclusion of anr 
and moisture, with 100 milhlitres of an olefin- 110 
free diesel oil fraction boiling in the range of 
from 130°C to 170°C, and 59.4 grams (240 
millimols) of ethylaluminium sesquichlonde. 
At 0°C and within 120 minutes, 37.6 grams 
(160 nullimols) of dichloro-titanic add diiso- 115 
propyl ester in 120 nulhlitres of cyclohexane 
were added thereto dropwise while stirring. A 
fine brown precipitate separated. To allow for 
an after-reaction, the batch was rnaintamed for 
4 hours at 0°C while stirring. Subsequently, 120 
the mother liquor was decanted and the 
titanium residue was washed four times, each 
time with 200 millili tres of the above-mention- 
ed diesel oil fraction. 

(b) Preparation of a copolymer of ethylene 125 
and butene-(l) having a density of 0.957 
gram.cenrimetre- 1 (two-step polymeriza- 
tion) : . 
100 Litres of diesel oil boiling in the range 

of from 130°C to 170°C, were introduced into 130 
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havin" a capacity of 150 litres, and 
±TS £ rXovd^flushins with pure 
S^gen. The contents or the vessel ^ 
S to 85^C and saturated with ethylene. 

After 50 millilitres of aluminium isoprenyl 
(pr^ared according to Belgian. Patent No. 
fm 855) and 20 millimols of a atamum cata- 
Spared as disclosed under ljaj, ted 
£LTddLl thereto, there were a 
S5°C within 90 minutes, 8 kilograms or 
rhJTenl o 13 kilogram of butene-<l, and such 
Amount of hydrogS that the hydrogen con- 
dor Tnie -aseous phase was 2% by volume. 
A^oSmer S k Sowed a reduced viscosity 
of ffl/g- (Measured in a (U% .to-hydn.- 

M iS^?S^ 6 hours, 

thete w^troduced 32 kflograms of ethylene 
and S an amount of hydrogen that the 

, gdnSS content in the gaseous P^' ™ s 
45% by volume. During the polymer^aon 
the rnakimum pressure in the vessel was 6 
«*fi£Z?£**d 40 kilograms of a co- 

; rwlvmer having a reduced vscoaty of 25 
dT/C fmealSed in a 0.1%-decahydrormph- 
SaSe solution at 135°Q and a density of 
0.957 gram.centimexre— . 

Comparison' Example 1 
1 fsingle-step polymerization,- 

3 In a comparari^test, a copolymer having 5 a 
density of 0.957 gram-cenumetre- was pre- 
pared in a single-step polymerization b, con- 
tinuously adding butene-(l). 
5 To a vessel having a capacity of WO taw 
rhere were added 100 litres of diesel oil having 
?b?ilm? range of from 130-C to H0£ 
tine vessel -flushed with -^n. .he con- 



density of 



dl/gm ^measured as above; and 

pared with each other in Table 1. 
Example 2 

Preparation of a ^^Vof^grani 
butene-n) having a density of P- 5 ** .p sun 70 
Sxtimetre- 'two-step polymeriza n°n;. 

S e to ^zz^z^ 

AfteT50 miuilitres of aluminium isoprayl and 
20 mUltaols of a utnnium ^*<g*g£ 
as disclosed under 1 a,) bad been added I tfcere 
„, rhere were introduced into the vessel, at 
So? and^min 60 minutes, 6 kflograms of 

WW- 

metrC ' COMPAEISON EXAMPLE 3 

•<sel was flusbea wim niuus<=". tfX — ", ,„„ cfrT , „* n 948 aram .centimetre , was h ic 

kflograms of a copolymer having a reduced JJJ» ethylene used) and such an amount 
viscosity of 2.9 dl/gm (measured inaO.l^ toted on tn , J_ ^ mnr ,,„ r in the 

, ,^hrh,ji#.np solution at 1^5 ana 



viscosity or " r-<;c,~ , n 'd 

decahydronaphthalene solution at lj>5 ~.< «« 
a density of 0.957 gram.cennmetre -. 

Comparison Example 2 
(single-step polymerization./ 
Under the conditions disclosed in .com- 
parative Example 1. ^ u ^°^ S °Lf^ 
Sere polymerized with 0.13 kilogram of 
Cene?l) (=0-33% by weight) to yield la co- 
polymer having a reduced viscosity of 2.9 



denfity of 0.948 gram.cennmetre . 

Example 3 

An autoclave having a capacity of 1 litre 125 
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was charged with 0.5 litre hexanc, 20 millimois 
aluminium cri-isobutyl and 2 J millimois of 
the titanium catalyst used in Example 1. Air 
was removed by flushing with nitrogen, hydro- 
gen was added to a pressure of 4 atmospheres, 
and the autoclave was heated to 85 °C. Over a 
period of 30 minutes a total of 300 gms. 
ethylene were added at a total pressure of 7 
atmospheres. After releasing the pressure and 
evaporating the solvent there were obtained 
300 gms. polymer that contained the whole 
of the catalyst. 

The polymer and catalyst was added to a 
horizontal reactor, hydrogen was added to a 
pressure of 4 atmospheres, and the tempera- 
ture was raised to 85°C. 3.45 Kgm. ethylene 
were added, with stirring, over a period of 7 
hours at this temperature, and the pressure 
was then released. 



The reactor contained 3.75 kilograms of 
polyethylene which had a reduced viscosity of 
1.8 dl/gm (measured in a 0.1% decahydro- 
naphtbalene solution at 135°C). 

To the polymer in the reactor there were 
added a farther 1-2 kilograms ethylene and 
50 grams 1-butene, the addition being carried 
out over a period of 1.5 hours at a tempera- 
ture of 85°C. The pressure was again released 
and there were obtained 5 kilograms of a co- 
polymer having a reduced viscosity of 3.0 
dl/gm (measured in a 0.1% decahydro naph- 
thalene solution at 135°Q and a density of 
0.949 gram. centimetre -2 . 

The properties of the copolymers prepared 
in the foregoing Examples and Comparison 
Examples are compared in Table 1. 
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WHAT WE CLAIM IS : — 
1 A process for the preparation of a nomo- 
or co-polymer of ethylene by a gaseous phase 
polymerization, or by a suspension polymeriza- 
5 don in which the dispersion medium is in 
contact with a gaseous phase, of ethylene or a 
mixture comprising ethylene and up to 10 /„ 
by weight of an <*-olefin that contains from 
3 to 15 carbon atoms, which process comprises 
10 preparing from 5% to 30% by weight of 
the total polymer in the presence of from 0 /, 
to 10% of hydrogen, calculated on the total 
volume of the gaseous phase, and preparing 
from 70% to 95% by weight of . the total 
15 polymer in the presence of from 20/, to 80 A 
of hydrogen, calculated on the total volume of 
the gaseous phase, both stages of the poly- 
merization being carried out at a temperature 
Within the range of from 50°C to 120°C and 
20 a pressure of up to 10 atmospheres gauge, in 
the presence of a catalyst which is present in 
the first stage in an amount sufficient for both 
stages, said catalyst comprising . 
a - ) in the case of a suspension polymerization, 
25 from 0.05 to 0.3 millimol per litre of dis- 

persion medium, or in the case of a poly- 
merization in the gaseous phase, from 
0.05 to 03 millimol per 05 litre of re- 
actor volume, of a trivalent titanium com- 
30 pound that contains chlorine, and 

b) from 0.1 to 3.0 mfllimols of aluminium 
per litre of dispersion medium or reactor 
volume, in the form of an aluminium tri- 
alfcyl having the general formula AIR, in 
35 which each R represents a hydrocarbon 

radical that contains from 4 to 40 carbon 
atoms, or in the form of the reaction 
product of an al uminium triaDcyl or an 
aluminium alkjd hydride with a diolefin 
40 that contains from 4 to 20 carbon atoms. 

2 A process as daimed in claim 1, wherein 
from 5% to 30% by weight of the total poly- 
mer is prepared by copolymerizmg a mixture 



of ethylene and op to 10% by weight of the 
higher a-olehn in the presence of from 0 /„ to 
10% of hydrogen, calculated on the tool 
volume of the gaseous phase, and from 70 /„ 
to 95% by weight of the total polymer is pre- 
pared by polymerizing ethylene alone in the 
Presence of from 20% to 30% of hydrogen, 50 
calculated on the total volume of the gaseous 

^3* A pro cess as claimed in claim 1, wherein 
from 5% to 30% by weight of the total poly- 
mer is prepared by copolymerizmg a tnixture z5 
of ethylene and up to 10% by weight of the 
higher <r-olefin in the presence of from 0 / 0 to 
10% of hydrogen, calculated on the total 
volume of the gaseous phase, and from 70% 
to 95% by weight of the total polymer is pre- 60 
pared by copolymerizmg a mixture eth ylene 
and the higher «-olefin in the presence of from 
20°/ » 80% of hydrogen, calculated on the 
total volume of the gaseous phase, in which 
latter mixture the proportion of the olefin 03 
is less than that in the first mixture speanen 

4 7\ process as claimed in any one of claims 
1 to 3, wherein the polymerization is carried 
out at a temperature within the range of from 
70°C to 90°C. . , . 

5. A process as claimed in any one of claims 

1 to 4, wherein the polymerizanon is earned 
out under a pressure within the range of from 

2 to 6 atmospheres gauge. 

6. A process as claimed in any one of claims 
1 to 5, wherein as component a) of catalyst 
there is used titanium trichloride or titanium 
alkoxvchloride. , , , , on 

7 A homo- or co-polymer of ethvlene when- 80 
ever obtained by a process as claimed in any 
one of claims 1 to 6. 

ABEL & IMRAY, 
Chartered Patent Agents, 
Quality House, Quality Court, 
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